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Introduction 
 

The over-riding goal of this application has been to develop new treatments for patients 
with acute lung injury syndromes (ALI).  As we have previously note, ALI is the end-result 
of a variety of a clinical scenarios. These include: sepsis, exposure to toxins, trauma, 
multiple blood transfusions, and long bone fractures.  Patients afflicted with cancer are 
particularly susceptible to developing ALI as a result of the immunosuppressive effects of 
chemotherapy, which leads to severe infections along with the debilitating consequences 
of cancer on overall well-being.  While poorly understood, it is also the case that certain 
chemotherapeutic agents, themselves, cause a syndrome with features of ALI.  The 
pathology of ALI is very complex and includes features of acute inflammation and distortion 
of lung cellular integrity.  A salient feature is diffuse injury to the alveolar epithelial gas 
exchange surface.  From a physiological point-of-view, this results in a marked impairment 
in the ability to oxygenate the blood.  Type I cells, which comprise the vast majority of the 
gas exchange surface are particularly susceptible to injury.   
 
To meet our goal, this grant has 2 Projects.  In Project 1, we proposed to build upon 
findings from animal and in silico studies to determine whether we can develop a better 
method for mechanical ventilation of patients with ALI. This need reflects that fact that 
conventional methods of ventilation, themselves, appear to worsen underlying ALI by both 
causing further damage to lung epithelial cells and also by further amplifying inflammation.  
Specifically, we proposed to evaluate the efficacy of so-called variable ventilation in 
patients with ALI relative to conventional ventilation.  Based on pre-clinical experiments, 
this ventilator mode is less injurious to the lung.  In Project 2, our goal is to develop a cell 
based therapy with the intent of reconstituting the damaged alveolar gas exchange 
surface.  A prominent feature of this Project is to clarify what are the most appropriate and 
scalable cell populations that can be used to treat and replace injured alveolar epithelium  
Part of defining this population involves evaluating the efficacy of this reparative cell 
population in treating mice with ALI.    In this report, I will discuss the progress and 
achievements for both of these 2 Projects. 
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Body of Progress Report 
 

 

Below is a summary of the progress and achievements for the 2 Projects that comprised 
the original parent proposal.   
 
Project 1 
 
As we discussed in earlier reports and letters, there were some unforeseen delays in the 
initiation of the Clinical Study comparing variable ventilation to conventional ventilation in 
patients with acute lung injury.  These delays included completing a legal agreement with 
the ventilator manufacturer (CovidenR), and in overcoming several distinct software 
programming issues.  One vexing problem has been building in a capacity to titrate has 
been securing approval of an IDE from the FDA for this work.    

 
I 
Figure 1: Window VV program (left to right) showing the parameters for the next breath 
to be sent to the ventilator, the parameters for the current breath, and the parameters for 
the last delivered breath.  The blue arrow shows the control to adjust partitioning 
parameter. 
 
In the past year, we have made significant headway in resolving these issues.  Most 
notably, we have successfully developed software to allow for programming the titration 
of inspiratory flow and inspiratory time on the ventilator to patient comfort (see Figure 1).  
In view of this and other achievements, we have obtained an approved IDE (attached in 
Appendix) from the FDA to proceed with the study.   As a result, we hope to proceed this 
year with the first-in-human trial of variable ventilation for treatment of acute lung injury in 
humans.   We fully recognize that for this to occur, we will need to submit and obtain 
approval of the FDA’s required changes in our protocol with our local institutional IRB.    
Once this has been achieved, we will request DoD human subjects review and approval. 
 
After obtaining these approvals, we will commence with the first-in-human trial of variable 
ventilation in acute lung injury.  We fully expect to be able to recruit sufficient numbers of 
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patients over the next year for this exciting study to ensure a meaningful analysis and 
comparison of variable to conventional ventilation in acute lung injury in humans. 
It is important to note that we have secured a supplemental grant for approximately 
$100,000 from the Coulter Foundation.  This reflects our success in developing this 
alternative means of ventilation and our resolution of technical issues that have 
prevented us from proceeding with the clinical trial. These newly secured supplemental 
grant funds will be used specifically to support and ensure completion of this proposed 
human study, which will be performed on patients in the Boston Medical Center. 
 
Project 2:  We will establish a pre-clinical program conducted in laboratory mice with the 
objective of developing cell-based treatments for ALI. 
 
The long-term goal of this project is to develop a cell-based therapy that can replace and 
reconstitute the injured lung epithelium.  It would be preferable that such a therapy employ 
autologous cells so as to obviate immune issues that might arise during administration of 
exogenous therapeutic cells.  As discussed previously, we developed a mouse that has a 
knockin GFP into the Nkx2-1 locus.  This was a very labor intensive effort whose success 
opens up a variety of possibilities for the objectives set forth in this Project. 
 
Expression of the NKx2-1 gene is required for both lung and thyroid epithelial 
development.  Expression of GFP can thus serve as a surrogate marker for NKx2-1 
expression.  In this context, cellular expression of GFP along with demonstrating 
expression of lung specific genes permits us to follow and develop in vitro protocols for the 
differentiation of cells into alveolar epithelium. 
 
We therefore derived embryonic stem cells (ESCs) from Nkx2-1 GFP mouse as a starting 
point and have been able to identify conditions that support derivation of alveolar 
epithelium (see Figure 2, next page).   
 
These findings represent a major advance for the field.  This work shows that mouse ESCs 
under specified conditions can differentiate into cells that express lung epithelial genes. 
This has been further examined by globally examining the transcriptome of these ESC 
derived lung epithelial cells in comparison to regular lung epithelium.  These data indicate 
a clear relationship between the 2 cell populations and provide further evidence that we 
have successfully derived lung epithelial cells from mouse ESCs.  Notably, these cells 
engraft in a de-cellularized rodent lung preparation in a pattern suggestive of type II cells 
and type I cells.  This protocol can also be utilized for iPS cells. 
 
By establishing conditions that promote lung epithelial differentiation, we may be able to 
design therapies that are directed at facilitating the differentiation of endogenous lung 
epithelial progenitors.  We have furthered this work by showing that these lung epithelial 
derived cells can engraft in a de-celluarized rodent lung.  
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Figure 2: (A) Schematic of culture protocol for directed differentiation of ESCs into Nkx2-
1GFP+ cells. (B) Sort gate used to purify GFP+ cells for replating and outgrowth. (C) 
Expression of Nkx2-1 mRNA and indicated marker genes (D) for each cell population, 
quantified by real time RT-PCR. E18.5 lung and thyroid RNA extracts served as positive 
controls. Bars indicate average fold change in gene expression over ESCs ± SEM (n = 3 
independent experiments). DCI+K = cells exposed to lung maturation media from day 22–
25. 
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Key Research Accomplishments 
 
 
● Developed software has a built in capacity to regulate inspiratory time and flow rations.  
 
● Secured approval of the FDA IDE application 
 
● Maintained Institutional Review Board approval of Phase I variable ventilation study. 
 
● Developed protocols with clinical and research staff to improve compliance with the 
control and research arms of the study 
 
● Obtained a supplemental grant from the Coulter foundation to support the clinical study 
 
● Successfully developed protocols to obtain alveolar epithelial cells from mouse ESC cells 
 
● Developed in vitro engraftment model for alveolar epithelial progenitors using de-
cellularized rodent lung  
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Reportable Outcomes 
 
1)  Manuscript published on iPS-derived lung epithelial cells 
 
2)  Approval of IND to initiate clinical project 

    
    3)   Development of training protocols for clinical project.   
     
    4)   Strategic plans for patient recruitment being developed 
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Conclusion 
 
We have made considerable progress in both Projects of the original parent grant. As in 
prior years, we have continued to optimize the software necessary for performing the 
clinical study proposed in Project 1.  It is our belief that this has been fully completed.  As a 
consequence we have successfully obtained an IND to initiate our clinical study.  In 
anticipation of this study, we are training personnel to ensure that this study is performed 
safely and effectively.  This study will commence once we have obtained the necessary 
IRB approvals.   
 
In Project 2, we have been able identify conditions that facilitate the differentiation of ESC 
and IPS cells to lung epithelium.  This is truly a major advance for the field.  To help do this 
we have developed and employed an in vitro engraftment assay. This involves the 
application of iPS and ESC derived lung cells to de-celluarized rodent lungs.  This assay 
permits the rapid and reproducible assessment of the ability derived cells to assume 
alveolar epithelial fates in a real lung.  The next step is to inject cells into a live mouse that 
has ALI.  These studies have also highlighted for us the identity of factors and conditions 
that control the differentiation of lung epithelium form progenitor cells.  This information 
may also prove useful in the development of strategies to treat ALI. 



 -  

 

APPENDIX 

 

 
 

 

 

 

 

 



 -  

 

 
 

 

 

 

 

 

 

 



 -  

 

 




